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DETROIT ARS.NAL
Laboratorics Tivision

Report No. 3431 (Final)

pate: 14 Februery 1956

PROJECT TITLK: TEST OF PERSONNEL HEATERS, GASOLINE BURNING TYP:,
TFOR MILITARY VENICLIS

OBJECT:

To determine performance, endurance, and efficicncy of the personnel
heaters, Code A, B, C, D, E, and F; check their operational character-
istics and obtain information for future comparison and qualification
tests.

SUMMAIY 3
This heater test consisted of five 2lj=-volt heaters (Code B, C, D, E,
and F) of which Code C and D were identical ~xcept for the igniter
resistor. The sixth heater, Code A, was a 1:-volt system.

1. %ectrical test

The 2l4-volt heaters for running required from 2.1 to 6.2 amperes
and the 12-volt heater required 15 amperes. For starting, the
heaters required from 8 to 10 additional amperes. The minimum
starting voltage at minus 65 F ambient temperature varied from
19 to 21 volts for the 2li-volt heaters and was 11 volts for the
12-volt heater.

2. Flt and Rotation test

At an ambient temperature of minus 65 ¥, Code A, B, C, and D
heaters started at 90° tilt with blower up and blower down and
at 900 angles of rotation. Code £ and F heaters failed to start
at 90 tilt with blower dowm but started on the other 909 test
positions.



3. Efficiency test

Under the test conditions, at hign heat,Code ¢ and F heaters
attained vhe hirhest efficiency wiile Code A heater was lowest.
At low heat, Zode F heater was the most efficient and Code E
heater was the least efficient. MHowever, Code A and B heaters
did not perforu consistently at low heat setting. The efficiency
of the heaters varied from 52.4 to 62.7 percent.

h. Cycling test

The 100-cycle test indicata2d, at an aabient temperature of minus
65 F, that the avera‘c time to "run" varied from 32.7 to 101.1
seconds. ‘[he startins current varied from 8.8 to 16.3 amperes
at 2); volts. Code A heater used 23,1 amperes at 12 volts. The
startinz energy, in watt minutes, extended from 2.54 to 9.75

and the avera-e time to purge required 33 to 21} seconds. Code
B, C, md E heaters started 100 times without a failure; Code A

heater failed 5 times and mode ¥ heater tailed 13 times in the
1(» trials:

5. 200-hour Cold Room test

The heaters operated at ambicnt temperature of mimus 65 F but
none of the hraters would opecrate without repairs, adjustment,
and troublus. The maximum lensth of time without any lailure
was 8} hours.

6. vibration test

At 20 cycles and total displacement of 0,125%, there was no
indication of major failure after 24 hours of vibrating. This
period consisted of 16 hours of neater operation and 8 hours

not in operaiion.
CONCIIISIONS:

1. Electrical test

The electrical test did not conslst of sufticlient variables to
determine the ranpe of current requiremcnts for cach heater.

The low voltage tcst indicates that the heaters will start at
voltages below the battery capacity at temperatures of minus 65 F.

2. Tilt and Rotation test

Heatars can b designed to operate with the heater in the vertical

position or ba rotated with the control camponents turned 90° from
the vertical.



3. Efficiency test

Tne efficiency of uhe heatlers oo o0 evaluated tully unless
other variables are introduced to the turstoj howcver, the heater
efficicney can be as aish as &) oercent 2t ambient room temperature.

Lhe Cvelin~ tect

- e

The results indicate that vide variavion of startin; characteristics
exist amonr the neaters. The Code A and 1 heaters showed much
better characterisiics: Lhan tho rode 7, 1, and F neatcrs.

S. 200-hour Cold Room test

The heaters will not oncrate for 2J0 nours continuously without
maintenance and rcpairc,

6. vibration test

Al the heaters withstood Lhe vioration forces; however, the test
should introduce oiner frcquencics and amplitudes than those used
for the testi.

RECOMMENTATIONS s
For further heater testc, Lice follor:n: additions ciiould be included:

1. The electrical power iconicaucnl nould include the variables
which affcect .he poucr reanirenent such as vehiele operating
voltare of 2t.!H voluis, uoveral weoient temporatures, various
combinations o rre:u air udd wxhaust vack pressure, hish and
low heat sottin,

2. ‘The cfficicney Luwus rhoala include the same factors as in the
electrical tuct.

3. The tilt and rotation test should be conducted at 10° increments
of the maximum ancle of operacion.

he At least six heaters oi one model should be obtained for
testing,

S« A 1000-hour eadurance test should be included in the test
procedure,

6. The vibration test should be extended to include acceleration
forcus to approximately 20 G's,



INTRODUCTION:

Arctic operation of military venhicles at sub-zero temperatures may be
accompli shed vith the use of heating ecuipment. The objective of
obtainine heating equipment which is reliable, effective, and simple
introduces many problems in dccien and development,

In addition to theue objectives, eace of maintenance must be considered

so that personnel wearin~t arctic clothing will not be hindered in the
maintenance operation. fompactness of the heater is another important
consideration because many of the present day military vehicler, especially
those intended for combat, have been equipped to the extent that space

is at a premium.

To approach the objective, the rasoline bLurning, fresh air heater secms
to be, at the present time, the mosi practical solntion for hcating
personnel. lowcvel, tic specifications MI1-H-3199, for this type of
heater, are totally inadequate for ule establisiment of perfomance,
endurance, minimum startine requirements, angle of operation, vibration,
povcr requirement, etc. Conscquently, heater decisners have been handi-
capped in that desipn objectives are not known. Prior to lhis test,

one fresh air heater was accepted for (rdnance use. To promote develop=-
ment of this type of heater, other hcater manufacturers vere induced to
sutmit heaters for Lests. Two of the hcaters submitted for test were
the same capacity (20,000 Btu/hr) as that of Lhe accepted model. Two
were of a larger capacity; one 30,000 and the other 60,000 htu/hr.

This test was initiated to obtain inromation on performance, endurance,
efficiency, and operatiny chnracteristics of these heaters to serve as
a basis for ruture qualification and acceplance specifications.

T4ST MAT.RIAL:

A1l the heaters for this tust were the forecd warm air, gasoline burn-
ing type of heater, uwsing the vehicle electrical system as a eource

of power. The heater produces heat by burning rasoline mixed with air
inside a combuttion chamber, »fter which vhe combustion gases flow through
the heat exchanser passages and to the exhoust outlet. As exhaust zases
pass through the exhoust chauber, the ventilatin: air is forced across
the exchanger surfaces by an olectrically powered blower to absorb the
heat.

The opcration of the healer can Le reprrated into three vystems: fuel
and combustion air, ventilatiny; air, and clectrical compo.entse The

fuel and combustion system consisis ol ruel riltwer, clectrically operated
pump, a repulation and metering valve, combustion aitr blower and come-
bustion chamber. The ventilating systan consists of blower motor, f'an,
and air passa-e throuzh and around the heal exchanger. The olectrical
system includes a control box, [lase swibtch and irniler.



The differenccs between the heaters are the method of combininz the
components and the type of burner. Table I lists the components for
each heater and Table II summarizes the data sulmitted by the manu-
facturecrs.

Heater, Code

A B ¢ D E E
Motor, ventilating blower X X X X
Motor, combustion blower X X X
Motor, combination ventilation
and combustion blower X X X
Fuel pressurec regulalor, solenoid
valves, meter separate X
Fuel pressure regulator and shut
off valve combined X X
Fuel pressure regulator, shut off
and metering set X X X X X X
Overheat switch X X X X
Thermal relay X X
Flame detector switch X X X X X X
Relay and resistor X
Igniter resistor X X X X X
Temminal strip X X X X X
Hanual igniter provision X
Circuit breaker in control box X X X X X X
Recirculating exhaust for
combustion air X X
Type of vaporiver Gencr- Pot Pad Prad Pot Ceramic
ator brick

MAJOR HEATER COMPONINTS

Table 1



A
Output (Btu/hr)
Fresh Alr
High 60,000
Iow 30,000
Air Temperature
Rise
High rise 226 ¥
CMfM 250
Fuel Consumption
(Gal. per hour)
High .8
Low . ,-l
Rated Voltage 12
Power Consumption
(Watts)
Start 0L
Running 160

Physical Characteristics

Length 2
Height
Width 8n
lleight

HEATER SPRECTIFICATIONS FROM MANUFACTURIR

11 5/8u

28 1bs.

Code lleater

B ¢
30,000 20,000
18,000 10,000
2 F
130

ah .25

o2ll '125

24 24
432 20
1l 60
16 3/Lm 18 1/2n

on 9 3/hu

&n 8 1/hn
23 1lbs, 23 lbs.

{ ]

20,000

«25
.125

2l

(=

20,000
9,000

170 F
120

18
10M

gn

2l 1bs.,

Table JI

Figures 1 - 12 show each of the completely assembled heaters and brcak

dovn of the components,

Figures 13 - 17 show the wiring diagram of each heater since slipht

variations vere noted,



3 e genatat.

Figure 1

Figure 2
¢cde A heater, disassembled
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Figure 3

Oode B heater, assembled

Figure L
Code B heater, disassembled



Figure 5

Code C heater, assembled

Figure 6

Bil C M&ar, ﬂiam




Figure 7

Code D heater, disassembled




Figure 10
Code E heater, disassembled




Figure 11
Code F heater, assambled

Firure 12
Code F heater, dsassebled
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rigure 17
TEST APPARATUS:
The equipment used for the test is listed in the test progra (see
Appendix A).
TEST PROCEDURE:

The test procedure outlined in the test program was followed with these
exceptionss

a. Two additional heaters from different mamufacturers were
included in the tests.

b. The sequence of the tests was changed to the f
The heatar efficiency test was conducted after the ult test.

c. The high voltage phase of the electrical test was amitted.
RESULTS AND DISCUSSION:
1. Bectrical test

The electrical test was introduced to determine the electrical
poser requirements and the minimmm starting voltage at which the

15



heaters would start., The use of storave batteries wien the vehicle
engine is not in operation dictates that at low temperatures the
hesters consume the lesst power possible. The discharne character-
istics of storage batteries are such that the hisher the discharge
current the lower the terminal potential. Thercifore, the heater
which requires more current to start should be able to start at a
lower voliage.

The electrical power consumption test was not completed because of
inadequate d-c regulated power supply. However, Table III shows
the current requirements for the heater at room ambient temperatures
and without any restriction at the fresh air outlet.

12 volt 2L volts

Code A Code B# Code C Code D Code E Code F

(amps) (amps)  (amps) (amps)  (amps)  (amps)
Start 26,5 16.2 10.4 10.0 13.7 11.5
Run 15 6.2 2.1 2.1 2.1 2.1

28,5 volts
Start 12,5 12,2 16 13.6
R\m 2-5 2.8 2.8
#Both heaters had trouble with the igniters. The test was
run later at 12 voltc for the Code A and 2}, volts for the
Code B heater.

CURNNT R UTRIINTS

Table III

The major item requiring current curing running is the ventilating
blower motor. The amount of electrical currcnt which 18 needed is
determined primarily by the type of tlower. Code B heater which
required approximately threec times more than Code D, E, and F
heaters has a backward tlp type of fan. However, this heater is
capable of producing a hisher back pressure than the other three
2li-volt heaters. This is shown in Appendix C (Rfficiency test)

in which Code B heater produced a maximum static pressure of 3,32
inches of water. The (ode C heator with the blower identical to
that of the Cods D heater, developed 37.07, the Code E developed
bhk.% , and the (bde F developed 25.6% of the Code B static pressure
capacity.

The results of the low voltage start test at minus 65 F is shown
in Table Iv.

16



Code A Code B Code C CodeD Code E (ode F

Minimum start
voltage 11 2l 20 20 19 19
Time to run at
minimm voltage
in seconds 25 101 100 55 62 8s

LOW VOLTAGE START TEST

Table IV
2. Tilt and Rotation test

Tilt and rotation tests were conducted to determine the angles at
which the heaters could be installed in vehicles, and to detemine
if cross country inclines were within the operating range of the
heaters.

The positions at which the heaters were tested were the maximm
angles from the level position. FMigure 18 shows the tilt and
rotation angles at which the tests were conducted,

FOTATION

ol
[
b—— -
1
s |
!
1B
[ lll
|
rU

I me

HEATER NCERATTI(RA] PORITINNS

Pigure 10

17



Table V shows the average of 5 runs at ambient temperature of
minus 65 F which was divided into starting and purging, Heaters,
Code Ay B, C and D started at all the angles; Code E and F failed
to operate at the 90° blower down position.

Time in Seconds

Heater: A B C D E F

Tilt 90° Avge tine to fire 21 25 50 L5 % %
Blower down

Avg. time to run 27 3N 64 13 # =

Purge 138 73 215 338
Tilt 900 Avg. time to fire 18 0 82 52 30 68
Blower up

Ava. time to run 23 4O 96 63 39 85

Purge 129 84 103 93 59 243
Rotation 90° Avs. time to fire 13 13 85 42 L3 69
Left

Avg. time to run 19 17 99 57 58 85

Purge b5 73 11893 LS 2l
Rotation 90° Avg, time to fire 18 13 18650 34 63
Right

Avg. time to run 25 21 203 66 L6 178

Purge Ll 73 104 91 56 236

# Gasoline leaked past ‘he igniter because no seal was
provided.

SUMMAT OF STARTS AND PURGE FOR
TILT AND ROTATION TiST

Table V

These two heaters were considered as fallures at that position
because of rasoline leakage, Code E heater would start at the
angle of 609, but the maximum angle at which no leakage was
obscrved was 209, The maximum angle at which the Mde F heater
would start was L5° and the angle at which no leakage was observed
was 59,

16



The variacions in the time to run wac tmall for the Code A, B, and
D heaters at e four positions, mut tne Code ¢ hcater required
approximately tuwice the tire when the heater uas rotated S0° to the
right. Since the purse time indicates the amount of unburned fuel
at the burner, uic pur~: time is also btabulated in the table.

The variation of purge time av each anzle uas negligible only for
the Code B heoater; the other leaters varied much more at other
positions, espeocladly with tuc heater £11ied to the blower down
position.

The difference in purge wlnc bdotreen Jie heaters can be attributed
to the typc of murner :hich the nentor utilized. The Code F heater
required much more time Lo purge because of the ceranic cone which
the other heaters did not usc.

3. Efficiency test

The limitation imposed to keep the size of ithe heater to a minimum
affocts the heat exchanger efficicncy. fTherefore, the efficiency
test was conducted to determine the efficiency of the heaters to
detemine which healer was able to oxtract the most heat at only
one condition which will be described later. The efficiency of
the heater is defined as the hcal absorbced Ly the ventilating air
divided by the heat available from the fuel.

Since the heat exchanger wac uhe primary consideration, the
electrical pover required uas not included in the efficiency
measurements. The conditionc of cthe test were as follows:

The outlet precsure ol the ventilating air was maintained
by the atmospheric prescure. ‘the cxhaust cas restriction
waz the cight feel of 1" Jdianeter tubing for the 20 5,000
and 30,000 Ktu/iir heaters. The 60,000 Btu/hr heater
required a 2" diameter Lulving,.

Voltare at the control box was mointained at 24 volts,

he anbient temperatures uere between 70 - 80 F.
A summary of the results is shown in Table VI. The results of the
test only indicate the relationship of one heater to another. It

is belicved that any change of the above conditions will change the
officiency .f the heater.

19



Heabor Jeat Posivion  ({eat Qutput  Efficiency
Btu/hr (Percent)
A High 53,35 52.1
B Hinh 2,100 56.6
c High 20,725 62,9
c Low 9,1¢0 0.8
E High 18,075 53.7
E Low 10,220 552
F High 20,300 62.7
F Low 8,980 61.7

SUMARY OF FFFICIANCY TEST

Table VI

In sddition to the efficiency test, the maximum static pressure
which the ventilating blower could produce was also detemmined.
This was conducted to determine the possibility and the limit-
ation on the amount and size of duct work which could be

connected to the heaters.

ho gEl‘ test

The starting factors of these heaters at sub-zero temperatures,
using electrical resistance wirc type of igniter,are the minimm
time required to run, consistency in starting, and minimm
electrical energy requirement.

data from the 100-cycle test for each heater was used,
40 run was measured from the time the switch was turned on to the

To evaluate these factors, the

The time

time the igniter circuit was de~ecnergized by the flame switch.
Consistency in starting was evaluated by computing the average
starting time, the standard doviation and the dispersion of

starting times. The electrical energy in startinc was determined

by multiplying the average starting current, the voltage, and the
average time to run. Table VII shows these factors including the
number of fallures to start, averace running current and average

purge time.

20



lcater, Code

A B c L P

Averare time to run in

Scconds 32.7 311.0 101.1 70.9 87.8
Standard deviation of

time to run in

secondsi 101 le2  31.1  1h.2 15,3
Averaze starting current

in ampercs 23.1 16.3 .6 11.8 10
Averame rumning current

in mmperes 15,8 6.3 2.2 2,2 2.2
Starting cnerpy in

watt-min. 2.54 .7 5.92 9.75 5.83
Average purce time in

secuads 59 33 1)2 99 21l
Number of railures to

start 5 Yenc lone lone 13

#380e Appendix B for sample calculation.

Srttaits O 100 CYCLE (EST

Tavle VII

Nie minimum time to run Jor the five heaters was 37.7 seconds
for the Code A heater. fThe mininwa standard deviation, rance
of starting time or the consistency in the time of starting was
L.2 secondc for the Code B heater. The distribution of the
starting times is snown in Figure 19.

The least amount of enersy required tor starving the 2Le-volt -
heaters vas 3.7 watt-min. for the Code B heater. The Code A
heater, a 12 volt system, did not require a recistor ‘or the
icniter uvhicn accounts for the encrsy being less than the other
heaters,

Three of the heaters, Code By, C, and F started 100 times without
failurc, vut the Code A heater failed to start five times; Code E
failed 13 times. The number of fallures was not included in the
co:mtbation of the averaze time to run and the standard deviation,
since no penalty factor was involved.

21
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5. 200-~hour Cold Room test

The heaters operated at ambient temperature of minus 65 F to
determine the operational stability and rcliability. Mot one
of the heaters operated for the 200 hours without a failure,
The following table summarizes the difficulties encountered
during the test:

Number of
Run Hours Remarks
CODE A HEATER
15 1., Exhaust temperatures were too low, therefore

another type of jet was installed. In addition,
the flame detector switch required adjustment and
the igniter was replaced.

2, Heater would not operate with changes in part (1),
then the flame detector switch and fuel filter were
replaced,

3. After the second attempt to operate the heater for
the test, the quartz rod was found to be broken and one
of the control harness leads was found to be discomnected.

L. After the control valve was checked and found to be
all right, the seal for the filter was found to be
defective,

5. Discovered that an exhaust restriction was necessary
for normal operation.

6. The above work was recommended by the company

representative.

62,5 The control valve was tapped to eliminate an air
pocket.

67 Discovered sasoline leaking from the burner head;

it was removed and silver soldered., In addition,
the thermal relay and igniter were found to be
defective. The mixing plate was rceplaced with one
made of a corrosion resisiant alloy (Inconel) but
the first one was not yet defective. It was noted
that a large plece of carbon formation was on the
flame detcctor tubc.

105 1. Gasoline was lcaking from burnecr head.



Number of

Run Hours femarks
2. Removed carbsn rormation from flame detector
cwitch.
108 Tapped control valve
19 Tapped control valve and bled fuel line at control
valve,
168 Niscovered hole in burner head combustion air

inlet tube.

10,5 Replaccd quartz rod of flame detector switch,
igniter, and repaired ~asoline leakage at burner
head.

COD B
58 ‘Papped control valve
68.5 Flmme oul - rcason unknown

82.5 1. Flame out = reason unknown

2. Thermal relay was faulty. Heater was turned off
bocause the exhauct tomperacture was too highy worn
motor brushes were the cause.

110.5 Flame out = recason unknown
116 Ixhaust was restricted
136 Blowor screen was frosted causing high fresh air
outlet temperature
168.5 Tapped control valve
179.5 Fuel line bled
180.5 Ffuel line bled
cons ¢
26.5 low exhaust temperature was caused by control valve
112 Replaced combustion blower motor
183 Wilhh the cambustion air adapter, the heater would not

operate. The heat exchanger was replaced,

2l



Number of

Run llours

63

82.5
106.5

Sk

12}

126

1LY,
153.5

172.5

1,

2.

2,

Remarks
CODE E
The flame out wiich occurred was probably caused
by the hole in the heat exchanger, which was
replaced.
The flame detector switech required an adjustment.

The fuel pump was not operating properly,

lHeater would not restart in cold room; rcason
unknowm.

CODE F

Replaced combustion blower motor

Vaporizer brick was heavily carboned

Flame detector switch tube baffle was burned
Flame out becausc of control valve lecak

The overhecat switch was faulty

Combustion blow:r tubling was rupturad.
Control valve required adjusiment

Irniter vas defective

Fl=me out occurred

Replaced irniler, vaporizer brick, and irmiter
rcplaced,

Inside of heal exchansier was carboned heavily.
AMr was used Lo remove as much as possible,

yaporizer trick was carbvoned heavily.

SULIMARY O HFATTR FATIUHES AND STOPPARES

MRING 200 HOUR COLD ROGH TEST

Table VT711



6. Vibration test

The vibration tect was conducted at 20 cps and .125 ineh total
displacement (peak to neak) to determine the abilily of the
heaters Lo withstand the forces. The :eatcrs were vibrated at

the above condition for civht (€) hours and then for sixteen (16)
hours while the heaver wac in oneration. ‘therc was no indication
of major damage to any of the heater:s testeds Code 2, C, and F
hecaters operated without any malntenance or failurc. Code B heater
required one flame switch adjusument because the lock nut became
loose. Code % heater had three wire failures and loosening of the
pressure regulator adjustment screv.

No indication of carbon monoxide was found in the fresh air from
any of the heaters.

Written By:

MAX S. KOGA

Signed By:

J .
FRANKLYN BERGMAN

Reviewed By:

CLARENCE W. BANTON, JR.

Acting Chief,
Climatic Laboratory

APPIROVED BY:

Major, Ordnance Corps
0IC, Laboratories Division
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Test Program



TEST PROGRAM

TITLE:  TEST OF PERSOINEL [EATERS, GASOLINE-sUNKIKG TYrs, FOR
MILITARY VEHICLES

OBJECT:

To determine performance, endurance, and efficiency of four
Personnel Heaters; check their operational characteristics; and
obtain data for future comparison and qualification,

OUTLINE OF FROBLEM:

The present specification for Gasoline-burning Personnel Heaters,
MIL-H-3199, Type I, is inadequate. The requirement section does
not specify minimum performance under such conditions as low
temperature operation, corrosion resistance, operational endurance,
water-proofness of electrical components, angle of operation, etc.
The testing section does not specify test methods and detailed
procedures covering each requirement in order to determine conform-
ance with the specification.

With more manufacturers becoming interested in supplying the
Ordnance Corps with heaters, it is urgent that all presently avail-
able heaters be tested to provide irformation which will serve as a
basis for future qualification and acceptance specifications.

BEQUIPIENT:

1. Cold room facilities witi temp.rature range to <70 F

2. Personnel Heaters (Code A, B, C, and D, three manufacturers)
3. Test stanis, fuel suppiy containers, and variable voltage D-C

electric power

4. Air flow equipment

5. Tilting table

6. Vibration machine

7. Balance scale

8. Voltmeter and ammeter

9, Thermocouples and potentiometer
10, Vibration pickup and meter
11. Velometer

PRELIMINARY INSFECTION:
Conduct a preliminary inspection of heater to deteruine the following:
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PRELIMINARY INSPECTION (CONT'D):

1. Weight

2e Length

3. Width

4. Height

5., Rated voltage

6. Rated Btu/hr

7. Rated starting and operating current
8. Blower motor type and horsepower

9. Rated fuel consumption

10. Rated heat output

11. Rated C.F.M. Combustion and ventilating blower

TEST REQUIREMENTS:

1.

2.

L.

5

6.

7.

8.
9.

Tests on the heaters are to be conducted in the following order:

a. Electrical

b. Heating efficiency

¢. Tilting (maximum angle)

d. OCycling (OFF and ON operation)
e. Continuous operation

f. Vibration

Temperature

The above tests are to be conducted at room temperature of 80 F,
+15 F unless otherwise specified. Tests conducted in the cold
room will permit sufficient cold socaking time before starting test.

Use Gasoline, Automotive, (Combat) }MIL-G-3056, Type 80C, for fuel.

Position the heaters with the longitudinal axis level with the
horizontal und without any rotation around this axis unless other-
wise specified.

Use a constant voltaze source with the rated voltage at the heater
and leads of 72 inches, unless otherwise specified.

Prior to each test the heaters are to be completely disassembled
and inspected visually. All accessories such as the pump, control
valve, flame detector switch, ignitor, etc. are to be checked
according to manufacturer's specifications.

All electrical and fuel leads to the source are to be separate for
each unit,

Maintain a chronological log for duration of each test.

Note any design or operational deficlencies and photograph if
possible.



TEST PROCEDURE:
Phase 1, Electrical Test

1. At room temperature, det.rmine the voltage drop and current
requirement of each electrical comvonent at all the variable
electrical conditions, such as high and low heat, starting
and running.

2. At room temperature, determine the effects of 28.5 volts on
the electrical components for 24 volt heaters and 1l4.25 volts
for 12 volt heaters.

3. At =065 F to -70 F determine lowest voltage at which the
heaters will start and operate.

Phase 1I, Heater Efficiency Test

Determine the heater efficiency by obtaining fuel consumption,
air flow, and air temperatwre.

Obtain and record the following data:
1. Fuel

a. Uvieight fuel consumed during the run
b. Length of time

c. Teaperature of fuel at source

d. Heating value of fuel

2. Air and gxhaust

a. Inlet and outlet ventilating air temperature
b. Inlet combustion air tempcrature

c. Lxhaust tenperature and pressure

d. Ventilatin, air blower speed

e. Air flow from heater outlet

f. CO content of ventilating air

Phase III, Tilt Test

Conduct this test at awmbient temperature of -65 ' to =70 F
with the heater on a tilting table.

1. Detemine the maximum starting angle when the heater
is rotated around its longitudinal axis clockwise and
counter-clockwise.

2. Determine mximun running angle when the heater is rotated

around its longitudinal axis clockwise and counter-clock-
wise.
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TEST PROCEDURE (CONT'D):

3. Determine maximum starting angle when the longitudinal
axis of the heater is tilted above and below the hori-
zontal.

L. Determine maximum running angle when longitudinal axis
of the heater is tilted above and below the horizontal.

Record the following data:
1. Temperatures

a. Ventilating air inlat and outlet
b. Combustion air inlet

¢. Exhaust

d. Case temperature

2. Electrical

a. Voltage

b, Starting current
¢. Running current
d. Purging current

3. Time

a. Starting time
b. Ignitor time
¢. Purging time

Five successful, consecutive starts or trials will be
considered as satisfactory at the maximum angle of rotation
or tilt of the heater for starting and running.

Phase IV, Cycling Tests

Conduct this test at ambient temperature of =65 F to ~70 F

for 100 cycles. Each cycle shall consist of starting the
heater, running the heater for 15 minutes, purging the heater
and cooling it for 1 hour and 5 minutes. Record the same data
for each cycle as specified in Phase 1II.
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TEST PROCEDURE (CONT'D):

Phase V, Continuous Operation Test

Conduct this test at ambient temperature of -65F to ~70 F
for 200 hours of continuous operation. Record the same data
as specified in Phase III, and in addition, weigh the combus~
tion chamber before and after the test. If possible record
the outlet velocity of the ventilating air.

Phase VI, Vibration Test

Vibrate the heater at 20 cps and with a total excursion (below
and above the mean axis; of one-eighth inch for 24 hours in 8
hour periods. The first 8 hour period shall be conducted with-
out operating the heater. The last 16 hours shall be conducted
with the heater in operation. The heater will be inspected
after each 8 hour period. For the last 16 hour period record
data as specified in Phase III, and also record CO content of
ventilating air.

CONCURRED BY: Written Bys
Robert /. Kos lax Koga 7/
APPROVED BY Reviewed By:

»
Major, Ord Corps
Diroctor, Comp Lab Div

U Ro

hief, Low Temperature lLab
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APPINDIX B
Example of Standard Deviation Calculation



EXAMPLE OF STANDARD DEVIATION:

S8 ucC /zf.‘d2 - md2
E

8 m standard deviation
¢ = common difference
f s frequency
d w deviation from reference point of each item

in multiple of ¢

n = number of items
mq ® mean of all deviation

CALCULATION

mg= Xfd
n

X, ® reference point

x £ 4 fa  ta?
26,5 1 =3 =3 9
28.5 9 -2 <18 3%
0.5 1y -1 -l 1
®5 26 0 0 0
345 27 1 27 27
36.5 12 2 2, L8
38.5 7 3 a 63
ko.5 1 L L 16
k2.5 1 5 5 25
5.5 1 9 9 8
$8.5 1 13 13 169
Zz 100 68 1488
Z/n .68 L.88

Appendix B

n < 100
cs=2

Xo® 32.5

s= 2m
8= 241176
s8* 2x 2,102 = ),20
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Develomment and Ingineering Department

FORlM B

LABCRATORIES DIVISION

DETROIT ARZINAL

Date:

26 May 1952

SUBJECT: MNeport of Performance Tests for Five Personnel Heater Assemblies

TOs low Temperature Laboratory - Attention:

¥r. Ray Brozek

Material received on Job Order No. 6048 was tested as described in

the Test Procedure, with resulis as follows:

A. Purposes

1. To detcriiine the heater performance (air tcmperaiure rise,
air delivery, fuel flow, heat output, efficiency, and power
consumption) of heater assemblics A, B, C, E, and F.

2. To detemine the static pressure developed by che heater
venvilating air blower at zero air delivery for cach heater
acsembly tested.

B. Results and Conelusions:

The test resulis obtaincd arc summariced

1. Heater Performance:

as follows:

Heat Temp. AP Fuel Heat Power
Heater Qance nise Tlow Flow Output Eff.  Consumption
op cfm ce/min  btu/hr @ watts

B high 273 16 23.5 28,100 £6.6 1
c high 217 126 15.9 20,725 62,9 148
c low 86 116.5 7.33 9,160 0.3 Le
E hirh 221 108 16.6 18,075 53.7 o)
E low 116 101.5 t.61 10,220 5542 &
F hirh 172 146 15.4 20,300 62,7 €0
F low 70 138 6.92 8,960 61.7 60

For more detailed results, refercnce may be made to Table I.
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2. Static pressure developed by the heater ventilating air
blower at zero air delivery:

Heater Static Pressure

L.07
3.32
1,25
1.48
0.85

QW

Approved by: Reported by:

i L i JHL O

Chief, Power Plant Laboratory




TEST APPARATUS:

1. Plenum chamber, 2 feet % 2 feet x L feet, coverasd with 2 inches of
fiber glass insulation (Figure le)

2. 2 inch diameter Burzau of Standords tyoe nozzle
3. 3-ineh diameter Rureau of Siandards type nozszle (Fisure le)
L. 9 inch ciameter outlat duct, 9L inchus lonz (Figure 2¢)

5. Mxiliary exhauster insiallation, consisting of ventilating fan
assambly, Ordnance Humber 7722221 (jgure 2c¢) with control damper

6. TFuel tank, 2 gallon capacity (Figure 3¢)

7. Skinner purifier filter, Model Mo. L73LLl, Skinner Company (Figure 3c)
8. Fuel pump, 12 volt, Ordnance No. 735L018

9. Tuel pump, 2L volt, Ordnance ¥o. 735401k (Figure 3c)

10, Glass flask - capacity approximately one quart (M aure 3c)

11. Miscellaneous copper tubin<, valves, and neoprene hose (Figure 3c)

12. Scale, Toledo Scals Compaay, Xodel No. 860999, range O = 5 kilograms,
1 gram sensitivity (“irure 3c)

13, Stop watch (Picure 3c¢)

1. Brown Potentiomcter, Serial No. 541163, forty-cight stations, range
=100 to 600 I* (Fisurc he)

15. Pyrometer, lloskins Thermo-'lectric, Serial MNo. 25028, range O - 2000 7
(Fimre Le)

16. Air temperaturc, seventeen thermocounles (eight with, and nine without
radiation shields)

Tuel tempcrature, one thermocouple
Exhaust gas tomperature, onc thermocouple

17. Two piezometer rings with 040 inch diameter static pressure holes
spaced 6 inches apart

18. Plezometer rine with four 0.0L,0 inch diameter static pressure
holes equally spaced
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TEST

19. © teet of 1 1/2 incih diamet:r flexible exhaust tnbing

20. 8 fect of 2 inech diarbur [lexible exhaust wubing

21. Two inclinomeiers, raste O o 6 incies ip0 (Fisjure ke)

22. 1Inclined drart wube (Firure Le)

23. Variable resistor, carbon pile, Lavoratory lo. CL-720L (Figure lLc)

2h. vVoltmeter, Lavoratory “o. J1~T0%k, range O - 30 volts (Figure Le)

25. Voltmeter, Lavoratory lo. 3I~7580, range 0 - 50 volis (Figure ke)

26. Ammeter, laboratory Mo. CI~711l, range O - 100 amperes, with
shunt (Figure lLc)

27. Converter, a-c to d-¢c, Laboratory ¥o. CI-199950 (Fijure lLe)

28. Storage batteries, 6 and 12 volcs

29, 2)i-volt dower supply

30. Psychrometer and barometcr

PROCCOUNT e

The test apparatus was set uo as shown in Wirure Sc. 7Tt consisted
essentially of cauipment to rerulav: and measure air flow through
the heater, to obtain air tamverature rise throuch the heater, and to
determine the fucl flou.

AMr Flow - leasurement and Uroulavions

The heater assunbly was mounted to the front plate of the plenum
chanber (Fipure é¢). The air was forced into the plenum chamber

by the ventilaiving air blower ot the heater assuably, passed
throu~h the plenum chamber, noznle, aud the outlet duct, and was
discharzed into the atmosphurs Ly Lhe auxiliary oxhauster (Fie. Sc).

with the heater operaving, the air flow of the auxiliary blover
was adjusted by icans of the damper assembly Lo obtain atmospherie
pressure at the heater outlet inside the plenum chamber (as
indicated by the inclined draft tube shown in “igure 5¢). This
condition simulaled Leater operation at Wree delivery®; taat is,
the heater dischiareoed dircetly into the atmosphere without over-
cominr the vesiriction imposcd by any external duet system,  Any
such external Juet svstem would decranse Lhe air delivery of the
heatir.

~ )



The air delivery of the Lcater was obtain.d by mecasurinz the
pressurc drop across a Burcau of 3tandards vype nozzle (as
indicated by inclinometer ¥o. A, Floure Sc). A sixteen mesh
screcn Was placed twelve inches upsiream from the nozzle in
order to diffuse the air discharged Ly the heater, and obtain
a morc suitable air flow pattern ahead ol the nozzle.

A two inch diameter nozzle was used for all tihe heaters tested
with the exception of Heater A. The increased air delivery
(2088 cfm versus averaze 130 cfm) necessitated the use of a
three inch diameter nozzle.

The method used to calculate the air flow from the observed
pressure drop across the nozzle is described in Appendix C-1.

Determination of Air Temperature Rise through the Heater:

The inlct air temperature of the heater was obtained as the
average reading of two thermocouples placed zpproximately one
inch upstream of the heater ventilating air blower.

The heater outlet temperature was obtained by a series of three
grids of four thermocouples cach (Tigure 5¢). Two of these
grids (each equipped with four shielded thermocouples) were
placed 6 inches and 12 inches, respectively, downstream from

the heater outlet. On each grid, the thermocouples were placed
directly in the air stream discharged from the heater. The
third grid (with four unshielded thermocouples) was installed
approximately three inches downstream of the Bureau of Standards
type nozzle.

The avera-ze air temperature, obtained with the grid located 12
inches downstream from the heater, was used as the heater outlet
air temperature for all tests with the exception of those con-
ducted with Heatcr A. For Heater A, the average air temperature
obtained for the rrid downstrean from the Mureau of Standards
type nozzle was uscd as the heater outlet air temperature.

Dstemination of Heat Output:

The heat output of the heaier was determined as followss

Heat output = air delivery x air spccific heat x alr temperature rise
(btu/hr) (1b/hr) (btu/1b °F) (°F)
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The air delivery {(lbs/ur) uas obtained ac the proinet of the

air flouv (¢fn), calenlated {13 Lue wrecours droo across a

furcan of tancaris wyoe aozzle, ot Lo i densivy (_lbs/cu.ft).
Tie alr siecific nnnt 20 cont Lmnt peersure e caleulated, making
allowanzc for 1o wsber vavor Jreé.clive Thz alr tomoapraiure rise
vas obtoined 25 vic Liffercence of the oovsarvad inlci and outlet
air Lamnzpaour o, “ar the doabriled ealeulaivions of uhe heater
outout, rei'ci.ace mer ue madz Lo Apoendii Cel.

Measurcment of ™ucl Conownaniions

— - v

A schematic sketcir or the [ual merzurine cystem ie shown in
Pigure Tc. T™ucl uas suwolied vo ti: hczber oy onc of two sources,
a fuel tonk or a placs Jlask; eivher sounrce could be connected to
the neater fuel line by .cans or a stop cock and needle valve.

To measurc the fucl cousumption, luel #as sup,lied to the heater
from a glass ilavk placed on a :scale. The fucl consumption was
calculated :rom vhe recordud time required ¥o burn a definite
weigznt of fuel.

The fuel temperaiure was obicrved by mcans of a thermocouple
located at tie junction of uie fu2l supoly line to the heater.

Determination of Hcaler ifficicney:

The efficiency of tn. icoter acsembly uas obtained as the ratio
of the heat output (paze L) to Lne hicab input supplied to the
heater by the Zuel,

The heat input by the fucl (btu/ir) was obtained as the product
of the fuel concumption (lbs/hr) and the heating value of the
fuel (btu/lb); the latier vas ovtained by an adiabatic calorimeter

(Append‘lx C-2).
Measurament of haust corxditio.r_l_:

All heater tests were conducted with eight feet of 1 1/2 inch
diameter flexible hose connected to the heater exhaust with the
exception of lleator A. The large exhaust ol the latter necessi-
tated the use o eight feet of 2 inch diameter flexible hose.

The exhsust back pressure at the heater outlet was observed by

inclinometer B (Figure Sc). The exhaust gas temperature was
moasured by a themocouple placed two inches below the pressure

tap in the flexible hose.
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Measurement of lizater Qover Joncunntion:

The pouwer supply circuit is chown in ®iourc (c. Thae power
consumpbion of the heater acsuablvr was detzmmined as the
procduct of the ousarved voltarz ~n2 current.

Tests Performed:
A Heater Performance

The performance at "hign nhcat" and "low heat" was obtained
for five heaters (fode Numbers A, B, C, &, and F), following
the procedure as described above. A sample of the readings
taken and the calculations of the neater performance is given
in Appendix C-l.

B. Static Pressure of Heatcr Ventilating Air Ljower at Zero
Delivery

Tests were performed to .Jetcrnmine the madimum static pressure
developed at zero delivery Ly the heater ventilating air
blower.

Zero delivery was ootained by removinc the air outlet duct
(Figurc l¢) and ccalin' the outlet of the Bureau of Standards
type nozzle. .ith che hcater ventilatinz air blower operating,
but without supplyin~ sfucl to the heater, the maximum static
pressure produced in che plenum chamber was oobsaerved. The
observed static presiure values were corrected to "standard
air® (0.075 lbs/cu. r't. air density) as follows:

Corrected siatic Pressure (In. 10) = Observed Static Pressure
(In. H0) x 0.075
Qoserved Air Density (1bs/cu ft)

RESULTS AND DISCUSSION:
A. Heater Perfomance

The results of the perfommance tests conducted with Heater A, B, C,
E, and F are swanarized in Table I.
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Heat<r Cs
A condensed cummary of the performance test is «iven belows

*jeal Inlct Temp. Air Fuel Heat
Date Range Mr Dice Flow Flow Output I=ff.

OF oF  cfm ce/min btu/hr %

26 1tar  hizh 76 27 125 16.0 20,600 62,k
9 Aor  high 81 217 1e7 15.6 20,850 63.}
25 viar  low 86 9 116 7.10 9,680 66.2
9 ppr  low 87 82 117 7.56 8,680 55.5

The tes. accuracy of the various itens, listed in the above
table is estimated to be as follows:

Temperaiure uiffercnce variavion £ o579

Mr flow £ 17
Fuel flow £
Heat output £ 2.5%
Efficiency £ 3.5%

Thesc test accuracics ar: also applicable to the performance
tests conducted vith Heaters Ay By k, and F.

The condenscd summary indicabtes that ithe two values obtained
for heat output (20,600 and 20,150 btu/hr) ond the correspond-
ine officlency (62.L and 3.1 at "hich" heat are well within
the estimated tesi ccouracy. lowever, the variation of heat
output (96€0 and 860 btu/ir) and the correspondins: efficiencw
(66.2 and 55.5) obtained for the two tusis concducied at "lou®
heat are not vithin the culimated test accuracy. 16 is
believed that the obscrved chanre in the heat out,nii and the
efficiency is due to the variation in tuel flow (7.1 2nd
7.56 cc/min).



Heater F:
L condenscd summary of the perfomance test is ~iven below:
leat Inlet Tcmo. Air Tuel Feat

nate Fanre Mr Rice “low ¥low Output =ff,
oF op cfm ce/min btu/hr &

27 Mar hish €0 172 146  15.L 20,300 62.7

Prior to conducting tests on this heater, a new firing head
was installed, because the one furnicied with the heater
assembly failed to supoort combustion.

Heater B:

A condensed summary of the performance test with "high® heat
is riven below:

Heat Inlet Temp. Air Fuel Heat
Date Pange  Air Nise Flow Flow Output Eff.
op Op cfm ce/min_ btu/hr

10 Apr high 7% 273 16  23.5 28,00 56.6

The fuel regulator oririnally furnished wiih the heater assembly
did not function properly, thus causing irregular fuel flow at
both *high"® and "low® heat. A new regulator was installed
prior to conducting the perfomance test listed in the above
table. The now fuel rerulator eliminated the fuel flow irregu-
larities at "high" heat; however, variations :n fuel consumption
as hirh as 2L werc still observed at "low" heat. Tt was,
therefore, impossible to conduct satisfactory performance tests
at "low" heat.

Heater E:

A condenscd swmary of the performance test is riven in the
table below:

Heat Inlet Temp. Afr Fuel ileat
Date Range Alr Rise Flow ¥low Cutput nff,
Op Op cfwm ce/min btu/hr ¢
high 62 229 108  17.8 106,500 50.9
hiph Th 212 108 15.3 17,650 56.5
low 60 118 102 8.53 10,30 53.6
L apr  low 5 14 101 8.68 10,100 56,¢

55§

In order to detemine the cause of the observed variation i
fuel conswmption (16%) at ®high® heat, the fuel regulator
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asscmbly was removed from the hericr case ond connected

Lo the 2l=voli supply circuit. After o one hour test run
the fuel repulator housin - reached a tumperature of 150 F.
thig indicated uhav the fucl flow variacion at ®hizn" heat
may have been die to vapor leck.

Heater A:

~

The concenscd summary ol the “ulph" heat pertormance test
is siven below:

Heat Tnlet  Tompe. Alr Tuel Hesat
Date Ranre Air jitisc low Flou Output  Eff.
op Op cfm cc/min btu/hr %

12 spr  hign 75 2ks 208 L6.2 52,200 51.9
1l Apr  hich T 217 283 L.k 5L,500 52,9

AMfter the test conducted on 12 April, it was necessary to install
a new ventilatinz air blower motor; the bearing located on the
combustion air fan side failed (lizure 9c).

nIow" heat operation could not be obtained vith the fuel
regulator orizinally inrnished witii the heater. A new fuel
regulator was inctalled; nowever, "low" heat operation was
still Impossible.

B, Static Pressure of 'leater Yentilaiing Mr Blower at Zero
Delivery:

The table belou sunmerines, for cach heater tested, the
static nressur: doveloped bv the ventilating air blower
at zero delivery. e pressure values are corrected to
#standard air® (0.075 lbs/cu.ft air density):

Heater Static Pressure
(in. H50)
A k.07
B 3.32
c 1.25
E 1.48
F 0.85

c 10



INCLOSURESS

l, Table T -
2. M™pure le
3. Fipure 2c
L. Figure 3c
5. Fimure ke
6. Figure 5c
7. Figure 6¢
8. Figure Tc
9. Figure 8¢
10. Figure 9c
Appendices:

Sumary of Test Rusults

Perconncl Heaters, Gasolinc Burning Type. Test Cet-up,
Plenum chamber and Nozzle Installation (Neg. No. 30588)

Personnel Heaters, Gasoline DBurning Type. Test Sct-up,
Plenum Chamber, Outlet Duct, and Auxiliary Exhauster
(Neg. No. 30587)

Personnel Heaters, Gasoline Burning Type. Test Set-up,
Equipment for Measuring el Consumption (Neg. No. 30585)

Personnel Heaters, Gasoline Burming Type. Tgst Set-up,
Instrumentation (Neg. No. 3058L)

Schematic View of Test Set-up

Personnel Heaters, Gasoline Turninz Type. Test set-up,
Heoater Installation (Neg. No. 30586)

schematic View of Fuel leasuring System

Diagram of Power Supply Circuit

Personnel Heater. Gasoline Burning Type. Code A.
Heater Combination Ventilatin~ and Combustion Blower

Motor, showing Failed Bearing, during rfficiency
Test (Neg. No. 30L37)

C-1 - Sample Calculations for lleaver Perfommance Test

C-2 = Fuel Analysis Report

clu
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Test set-up; heater installation
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Variable Rewistor

Power
feater
OControl
3

DIAGRAM OF FOWER SUPPLY CIRCUIT

Figure 8¢

Figure 9c
Code A heater; combination ventilating and

combustion blower motor showing failed vearing
during efficiency test

c17



APPENDIX C-1

Sample calculations for heater performance test



SKIPLY CALCULATIONS
FOR ULADL PTEEOICIALC ) TUID

HEATIR A WHIGH AT

For the complete cet of obuerved data, rererence may be made to the sample
data sheets, pages 6, 7, and £ of this Appendix (C-1)

Determination of Air Flow:

l. Mixture density at the noszzle

Ps = Py = (Pp - py) (Ya = %)
760 - I3 by,

pg = water vapor pressure at inlet conditions (In. hg.)
P, = water pressurc at wet bulb temperature (In. Hg.)
Py = corrected barometric prassure (In. He.)

tyq ¥ dry bulb tempcrature (F)
t,, = wet bulb temperature (F)

Py ® 0.4052 - (29.11 - 0.L052) (6B.5 - 53) = .2L422 In. He.
7800 ~ 1.3 (53)

Wg = 0,622 Ps
Pb - Ps

Wg = weight of water vapor per 1lb. of dry air

Vg 3 0.622 0.2422 = 0.00520 1bs water vapor
29.11 - 0.2}22 1b. dry air
= 1.326 (pb - 0'378 ps
U0 £ t,
D, = mixture densily at ihc nozzle (lbs/cu. ft.)
t, = temperaturc at the nozale (V)

D, = 1.326 (29,11 - 0.370 x 0.2122) = 0.0L75 lbs/cu. ft
L60 4 351

Inclocure (=1



2. Volume of air flow

g=1002 & [ by
Dy

Q = volume of air flow (efm)

1062 = nozzle coefficient
A = arca of pureau of Standards tyve (sq. ft)

pq = pressurc drop across the nozile (In. Hp0)

0=1082x J](3)2 /' 1.35 = 283 cfm
b x 1Mk 0.0L75

3. Veipht of air tlow

W= Cx My

Wy = welght ol adr flov (lvs/nr)

!
A

202 x O x 0.0L75 = (00 Lbs/hr

Netermination of Heat Nublput:

1. Specific heat of dry air

(cp)a = 0,20:312 £ 0.000205t

(c,) . = cocific hont of drv +dr at consvant pressure
TR fptu/2o. )
t = mean bowoseature of inlet and outlet air (F)

(cp)y = 0.21117 4 0.000009 (213) = 2.2L30) btu/lb.F.

gpeciiie heat ot water vapor

(cp)iy = 0.123 £ 0.000016t
(

cp) = gpocific heal of water vapor at constant pressure
W (btuflb. T.)

(calyy = 01123 £ 0.000018 (213) = 0.Lho6L3L btu/lb. ¥.

c-1
9

[



3. Specific heav of airesntb o vesor mixture

Cp = (cp)a / Vs (cp)pw

14,

¢p = speeifie hoae of sir-vat.r vepor vixture at constant
presoure (blu/lb. 7))
W, = welcone ol vacer venor per 1be iy air

0.2L30L £ (.0052_) (.hh(‘al_‘)!'_}_ = .2hkl bin/ib. F.
1 £ 0.0052

cp

li. Heat output
H=Waxcyx (Yo - t;)
H = heat output (Ltu/hr)

z weight of air flow (1lbg/ir)

=
)
'

outlet air temocrature (1)

cr
o
]

=z inleb air tomp caueee (F)

ct
4
[

H = 606 x 0.2LL1 x (351 = 7h) = 4,500 btu/hr

Netermination of Fucl fow:

1. Ueight of fuel ilow

Wp Twx 3630 cue X ().o:z'),'i 1bs
T T LT T

g = weight of fa-l Llow {1bs/hr)

W weight of fuel flou (rrams)

(o4
"

time to burn weight of fuel tlow (sec)

\n

up = Ug_ x 3600 x 0.02205 = L. 72 1bs/hr

0-1



2. Volume of fucl {low

- oG
y= W x C HEeTe} %1
v T oin —.
ve'le

Vv = volumc of w1l tlow (=c¢/nin)
Geffe = upecilic ~ravity of i tucl (rrams/ce)

The spacific srovivy ol the fuel (00726 uith respect to
water at (0 ) wac o.baincd with a hydromcter for a fuel
temperaturce of 60 *. louever, the actual fuel temperature
observed during the test was 63 . The correction of
specific sravity for the tan.cravure chanpe (O F to 80 F)
would decrcace the 0oecilic gravity approximately 1%. This
chanee wac coucidecct insignilicant and cherefore neglected.

V=90 L 0x 1 = [i¢.h cefinin

o Ny

Determination of Heater :filcicncy:

Lfficiency = heat output = fizat output
heat 1nput Up x LV,

Wp 3 weight of fuel rlow (los/ar)
H.7. = heat'n: value of the fMel (btu/lb) (Appendix c-2)

Efficiency = Shy 500 - 2.9
Lhe72 (21,880)

Netermination of Po.er Concumption:

Power (watts) = volwave (volts) x current (amps)

Power = 12 x 16.5 = 19C watts

C=1
h



HEATER A - EFFICIENCY TEST

Start
Time 1500
Barometric Pressure 29.09
Wet bulb temp. 53
Dry bulb temp. 70

TIME VENT ATR COMB.

HIGH HEAT
Date: 1l goril 1952
Finish #1st Grid - TC #4,5,6,7
1900 2nd Grid - TC #8,9, 10, 11
§9.13 3rd Grid - TC M2,13,1L,15
3
68

INLET AIR AIR OUTLET TEMPERATURES
TEMP.

1 2 3 N 5 6 7 8 9 10 11 12 13 1, 15
100 . N - 314k 319 310 Lok 335 330 3% 36 3U6 347 U7 3U6
140 . n - 3L 316 308 396 337 30 30 359 35 ik 344 3W
1620 72 72 - 313 39 30 399 33 3% 329 358 3L5 3uh 3Lk 3Lk
1630 72 72 - 313 323 310 40O 336 331 331 357 3U6 347 W6 3US
16L5 72 T2 - 314 320 08 L4O2 33 31 329 360 347 348 38 318
1700 73 73 - 34 320 09 0o 336 330 328 359 3u6 347 38 3Le
M5 7 - 310 322 08 Lo1 332 328 328 358 346 3LS 345 345
1730 74 - 312 326 09 L 33 332 33 355 347 36 36 37
L5 W - 316 328 313 LO7 33 335 33b 363 35 351 351 351
1800 74 74 - N9 328 312 408 338 336 335 3L 352 352 352 352
1815 7 7L - 319 327 312 408 WO 336 33U 366 352 353 353 353
1830 W - 39 326 312 408 30 336 33U 364 3B 3/ 3/ 31
8u5 T W - 19 326 312 LO7 W1 336 33 365 351 351 350 351
1900 74 - 318 325 31 LO7 340 336 334 36k 351 3% 35 351
#See Figure Sc

c-1



HEATER A - EFFICIENCY TEST

HIGH HEAT
NOTE:
Provmure in inches
of water

FUEL —EXHAUST GAS m%mz VBT Biom= ‘ng? gg:m Q‘ﬁf{m
'r;%xp. T;::, w;:g: 'rgp. Pressure Ta;g Press, VoIt Map ~  ~  VOLTAGE
(" 9Lo 37 132 0 12 16,5 1.0 - 27
13 930 37 132 0 12 16,5 1.33 = 27
h 9L0 37 134 0 12 16,5 1.32 - 26
W 8 % 950 37 134 0 12 16,5 1.32 - 26
76 85 50 950 .38 1 0 12 16,5 1..36 - 2
76 8 S0 9w 37 137 0 12 16,5 1.36 - 26
76 ©8 50 940 o37 136 0 12 16,5 1.36 - 26
76 85 50 9lo .35 137 0 12 16,5 1.36 - 26
7 83 50 950 <36 IS 0 12 16,5 1..35 - 26
77 8L 50 940 .35 u 0 12 16,5 1.35 - 26
78 ko .35 12 0 12 16,5 1.35 - 26
78 8% 50 9ko o35 U2 0 12 16,5 1.35 - 26
78 8% S0 930 .35 12 0 12 16,5 1,35 - 26
7% 84 S0 93 35 U 0 12 16,5 1.35 = 26



CULAD ATR

T 0P ALURS RISE

1st  2nd 3rd At 1st At 2nd At 3rd
TIiE 11\%%1: Gét;‘) ﬂoc;') ag;n Mé; Gb%D G‘:l(l)’?
1600 n 331 339 3L6.Y 266 208 275.5
1610 7 333.5 33¢ 3kl 262,5 268 273
1620 72 335 338 3l 263 266 272
163 72 336.5 339 316 261.5 267 27,
16L5 72 336 339 3LE 204 207 276
1700 73 336 336 38 263 265 275
1715 T 335  336.5 3LS 261 262,5 271
1730 7h 338 339 316.5 26l 265 272.5
17h5 Tl i1 32 3%l 267 268 277
1800 70 32 3L3 352 268 269 278
1815 " 3l1.5 3Lk 303 267.5 270 279
1830 N 3.1 3h3.5 301 207 269.5 277
18L5 (n 1 3k 351 267 270 277
1900 74 30 3k3.5 341 266 269.5 217

AVERARE T M2t sUnn Ay 35T

HAATeR A = IS AT
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Fuel Analysis leport



LABCRATORILS DIVISION
Development and ippinecring Department
Detroit Arsenal

FORI B.
Dates 17 April 1952

SUBJECT: Report of Test

10: Power Plant - Bnrine Labora.ory
Material received on Job Order No. 60L8 was tested in
accordance with instructions thereon with results as
follow: s
A. Purpose:

To determinc the heat of combustion and the specific
zravity of several gasoline saiples.

B. Sanple Data:

Five samples of gasoline, Automotive Combat, NIL-3-3056,
Tvpe A, were submitted by the Power Plant-Engine Laboratory.

C. Rosults:
Test results appear in Table I.
D. Qonclusions:

None.

Inclosure C 2



TABLE I

Sanple Total Heat of Combustion Specific Gravity
B.T.U./1b# 60/ 60°F
Heater A 21,850 0.724
Heater B 22,000 0.724
Heater C 2,630 0.721
Heater E 4,620 0.728
Heater F 22,100 0.719

# Total heat of combustion at constant volume per unit
quantity of gasoline. Final products: Ash, Gaseous
002, 302, lﬂd mquid’ Hzoo

Approved bys Reviewed byt
Ce io.ﬁ%‘ 9 ;’;o f? : i%; j ér,
Chief, Chemical Section

Chemical Enginser
Materials laboratory

c2
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BRITE

nrm ORGMF-EA ORONANCE OEPARTMENT
Jses LABORATORY WORK ORDER DETROY T ARSENAL

{For Use by Dev., & Eng. Dept. Only)

T0: Chief, Gamnashamis Laboratories Divislon

DESCRIPTION OF WORK IN DETAIL:

12 October 1951

Project Engineers Robert W, Kos  Ext, 3-1222
SUBJECT:s Heater, Personmel,

1, Tests are to be conducted to determine the durability and prasticability
of subject heater.

2, The following tests are to be made as per inclosed test program,
e, Vibdration test,
b. Tilting test.
¢, Cyocling test, 100 cycles.
4, Contimuous operation test, 200 hours at -65°F,

3. TFormal report is required and necessary photographs.

NOTE:  Inclosed wiring disgrem.

Betizate submitted by Mr. Baymond Brosex, Chief of Lov Temperature Ir,
Componsats Labaretory Div,

cory

sertaL no. 648

v
ESTIMATE WMUST NOT BE EXCEEDED. QUOTE FuLl .0, RS, e,
COMPLETION WCTICE AND FART WOS, CN ALL PROCUREWENTS AND JOB CARDS. M-642
ZomF AT £st. tn. ONOER
OMFLETHON DATE COmMF, LAD. LABOR OWLY m n’
MATERIAL AND wOWK €ST. tx. ORDE
TAB. BR. CHIEF OF CTHER DEPARTNENTS ’90 Pi
APPROVED

LAB, DIV, CmitLf

BRANCH CWIEF OF onucl CmiET OF 1€, Ofv, & ENG, DEPT,
aw s & Dev




forr QROMXSTA ORONANCE OEPARTUENT
.2 Feb %0 3% LABORATORY WORK OROER DETROIT ARSENAL

(For Use by Dev. & Eng. Dept. Only)

to: Chief, Leboratories Divislon 6 November 1951

CESCRIPTION OF WORK IN DETAIL:

Project Engineer: Robert w.%,ﬁt. 3.1222
SUBJECT: Heater Tests

1, Tests are to be conducted to determine the durability and practicability
of the following heaters using heater (a) as a control heater.

s, Heater, Persomnel (24 volt)
be Heater, Personnel
¢o Heater, Personnel & Engine Prehsater (2l volt) 30,000 B.T.U,

d. Heater, Personnel & Engine Preheater (2 wolt) 60,000 B.T.U,

2, The following tests are to be made as per inclosed test program.
a, Vibration test,
b, Tilting test,
¢e Cycling test, 100 cycles,
d, Continuous operation test, 200 hours at -65° F,

NOTE: Inclosed wiring diagram

Estimate submitted by Mr. Raymond Brozek, Chief of Low Tempsrature Branch
Components Laboratory Division

smavo. G o ://[’./

ESTIMATE MUST NOT BE EXCEEDED. QUOTE FuLL X.0. § PROJ. RO,

coMPLETION mOTiICE AND PART %OS. ON ALL PROCUREMENTS AND JOB CARDS.
COMPLETION DATE es. Lasor omuy | 5T €x, "“'100 225
WATERIAL AND wORK | EST. €5, oRoL
(b, I%. CnIEF OF OTNER DEPARTHENTS m-!
n APPROVED

A )

LAD, DIV, CmiEF

SRARCH CWIEF OF [IXTED neEr ofF § CHIEF, OEv, & ENG. OEPT,

Components Res & Dev




FormeOAMMY~tA
1 fen 50 e LASORATORY WORK OROER OETRO 1T ARSENAL

ORONANCE DEPARTMENT

(Por Use by Dev. § Eng. Dept. Only)

T0: Chief, Laboratories Division 8 January 1952

LESCRIPTION OF WORK IN DETAIL:

v i
A :

7,"‘.“ /—)‘4’*4

Project Engineer: Norwood Johnson BExt, 3-3242
SUBJECTs Test of Personnel Heaters, Gasoline Burning Type for Military Vehicles,

Since the release of Lub Work Order No, 6048, two more heaters have
become available for test, One is
termed Code E, It is desired to test Code E
heater undsr the same conditions as Code A, B, C and D, The second heater is
modified with preheater and is designed to operate
at any angle of tilt, This heater should be run on the electrical and tilting
phases of subject Lab Work Order only, The Model is to
be termed Code F,

Estimate cost furnished by He Wright,

0)7 JAN11E B

SERIAL 80, 60L8-S-Br

[
ESTIMATE MUST WOT BE EXCEEDED. QUOTE FULL X.0. PROJ. RO,
COMPLETION MOTICE AND PART NOS, ON ALL PROCUREMENTS AND JOB CANDS. ’)ﬁ'l |£2
€sT tx. OgOER
COMPLETION DATE LAB. LABOR ONLY -
MATERIAL AND WORK €T, Ex. ORDER
LAf. BR, CHIEF 0F OTHER DEPARTMENTS
APPROVED

LAB,

0Iv. CMIEF
ORANCH CHIEF OF

DIviSION £nIEF OF




